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  Microcystin-LR (MCLR) is the most toxic and most frequently encountered toxin
in the aquatic environment. MCLR presents multi-toxicity (e.g. hepatotoxicity and
neurotoxicity), however the exact mechanism of which is still unknown. So, this
study investigated the protein profiles of zebrafish (Danio rerio) liver or brain
chronically exposed to MCLR concentrations (2 or 20 &micro;g/L) using the
proteomic approach. Namely, after 30 d MCLR exposure, under the cooperation
of two-dimensional electrophoresis (2-DE) and matrix-assisted laser
desorption/ionization time-of-flight/time-of-flight mass spectrometer (MALDI-
TOF/TOF-MS) analysis, this work examined the differential protein profiles of both
the tissues (liver or brain), revealed the differential protein spots, and
subsequently submitted them to MS identity, with being aimed at elucidating the
proteomic change caused by MCLR toxicity. Also, this work investigated toxin
accumulation and protein phosphatase (PP) activity in both the tissues under
different MCLR treatments. Meanwhile, this study especially analyzedthe MCLR-
induced damage in the hepatocytes at the ultrastructural level. Taken together,
this work provides a new insight into MCLR toxicity and its toxic mechanism in
fish, and helps to select out a potential biomarker for biomonitoring MCs pollution
in the aquatic environment. The results of the present study are described as
follows:
 1. MCLR treatment significantly enhanced toxin accumulation and PP activity in
in the treated zebrafish livers at the end of this exposure experiment. For
example, no MCLR was detected in MCLR non-exposed zebrafish livers, while
the toxin contents attained to 0.031 and 0.039 &micro;g/mg DW, respectively, in
the zebrafish livers exposed to 2 and 20 &micro;g/L MCLR. Similarly, in
comparison to the control, the hepatic PP activity increased two times in zebrafish













a specific interaction with PP2A, the Western blot analysis indicated that the
hepatic PP2A amount was independent of the ambient MCLR concentrations.
MCLR caused a noticeable damage to liver ultrastructure, a widespread swelling
in the rough endoplasmatic reticulum and mitochondria was observed in the
MCLR-exposed hepatocytes, and a honeycomb-like structure was formed in the
treated nucleoli. The proteomic analysis revealed that the abundance of 22
protein spots, measured by 2-DE, was remarkably altered in response to toxin
exposure. These proteins were involved in cytoskeleton assembly,
macromolecule metabolism, oxidative stress and signal transduction. Thus, the
chronic effects of MCLR hepatotoxicity caused dysfunction of cytoskeleton
assembly and macromolecule metabolism, and induced oxidative stress with a
concomitant interference with cell signal transduction. We speculate that the
chronic effects of MCLR hepatotoxicity might initiate the ROS pathway, instead of
the PP pathway which is the main mechanism for MCLR acute toxicity.
 2. MCLR treatment obviously enhanced toxin accumulation and PP activity in the
treated zebrafish brains after the 30 d exposure. For instance, no MCLR was
detected in the control while the toxin contents were 0.030 and 0.053
&micro;g/mg DW in the brains exposed to 2 and 20 &micro;g/L MCLR. Similarly,
compared to the control, the brain PP activity increased 1.3 times in zebrafish
brains exposed to 20 &micro;g/L MCLR. The proteomic analysis indicated that the
abundance of 30 protein spots was remarkably altered in response to MCLR
exposure. These proteins are involved in cytoskeleton assembly, macromolecule
metabolism, oxidative stress, signal transduction, and other functions (e.g.
transporting, protein degradation, apoptosis and translation). Overall, MCLR
neurotoxicity induced oxidative stress, and a dysfunction of cytoskeleton
assembly and macromolecule metabolism, with a concomitant interference with
signal transduction and other functions (e.g. protein degradation, transport,













was complex and diverse. Also, the PP activity in the brain was enhanced with an
increasing MCLR concentration, and this was partly exemplified by an
overexpression of PP2C&#61537;2 under toxin treatment. Thus, our study firstly
demonstrated that the chronic neurotoxicity of MCLR might initiate the PP
pathway via an upregulation of PP2C in the zebrafish brain, in addition to the
ROS pathway. Interestingly, an increased vitellogenin expression in the treated
group suggested that MCLR might mimic the effects of endocrine disruption
compounds, and this really deserves further study.
 It should be noted that the responses in brain were quite similar with liver in our
study, i.e. both toxicities exerted a significant effect on the similar cellular
processes overlapped in general functional categories (e.g. metabolism,
cytoskeletonal assembly, oxidative stress and signal transduction), highlighting
that to some extent, there is a similarity in MCLR multi-toxicities, although MCLR
neurotoxicity specifically affected transport, protein degradation, apoptosis and
translation in zebrafish brains. However, even though the affected cellular
processes were overlapped in general functional categories (e.g. metabolism,
cytoskeletonal assembly, oxidative stress and signal transduction), none of the
proteins in the functional category in brain was the same as that from liver., and a
different biochemical mechanism might be involved in the intitiation of these two
toxicities. Taken together, proteomics provides a potential tool for studying the
biochemical mechanisms concerning MCLR toxicity in zebrafish.
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